Two essential oils of Lippia alba (Mill.) N.E. Brown (Verbenacea) 
lular liver carcinoma cells and HeLa human cervix epithelioid carcinoma cells (Paik et al. 2005 , Ji et al. 2006 , Wang et al. 2006 . However, little effort has been made to study these activities in different chemotypes and main components of the essential oils found in L. alba.
Recently, there has been a growing interest in medicinal plants as alternatives to synthetic drugs, particularly against microbial agents, due to increasing antibiotic resistance of pathogens associated with infectious diseases to the common antimicrobial drugs used in clinical practice (Tavares et al. 2008) . The antifungal activity of the essential oils of L. alba against human pathogenic fungi such as Candida albicans, Candida guilliermondii, Candida parapsilosis, Candida neoformans, Trichophytum rubrum and Fonsecaea pedrosoi has been previously demonstrated for the citral and myrcene-citral chemotypes (Oliveira et al. 2006) .
L. alba occurs in various regions of Colombia (Durán et al. 2007 ) and although the antifungal activity of some essential oils of this plant have been evaluated in other countries (Duarte et al. 2005 , Hennebelle et al. 2006 , in Colombia the biological activities of the L. alba chemotypes have not yet been fully elucidated. The aim of this study was to evaluate the chemical composition, cytotoxic effect and antifungal activity of essential oils of L. alba, as well as some of their components, from two regions of Colombia.
MAtERiALS AND MEthoDS
Plant material and essential oil extraction -Two samples (1 kg each) of L. alba stems and leaves were collected from two regions in Colombia as part of a survey conducted by CENIVAM, a Research Centre devoted to aromatic plants and essential oil studies in Colombia. The taxonomic identification of the botanical samples was performed by Dr. José Luís Fernández at Herbario Nacional de Colombia, Institute of Natural Sciences, Faculty of Sciences, Universidad Nacional de Colombia (Bogotá), where exsiccata of each plant remain as permanent samples. One L. alba sample, voucher specimen 512084, was collected in March 2005 in Saravena, Arauca, at a mean altitude of 220 m; the second L. alba sample, voucher specimen 516929, was collected in May 2005 at Turbaco-Bolivar, at a mean altitude of 80 m. The essential oils were extracted from dried L. alba stems and leaves (300 g) by microwave-assisted hydrodistillation (30 min, 250 mL water), using a Clevenger-type distillation apparatus and a Dean-Stark distillation trap in a domestic microwave oven (Kendo MO-124, 2.5 GHz, 800 W), as described previously (Stashenko et al. 2004) . Sodium sulphate (Merck, Darmstadt, Germany) was added to the decanted essential oil as a drying agent.
Essential oil analysis -Compound identification was based on mass spectra (EI, 70 eV) obtained with a gas chromatograph (GC) (Agilent Technologies 6890 Plus, Palo Alto, CA, USA), equipped with a mass selective detector (Agilent Technologies 5973), split/splitless injector (1:50 split ratio) and a data system (HP ChemStation 1.05) with WILEY 138K, NIST 2002 and QUADLIB 2004 mass spectra libraries. A DB-5MS fused-silica capillary column (J & W Scientific, Folsom, CA, USA) was used. The GC oven temperature was programmed from 45°C (15 min) to 250°C (15 min) at 5°C/min. The temperatures of the ionisation chamber and of the transfer line were set at 230°C and 285°C, respectively. Mass spectra and reconstructed ion currents (chromatograms) were obtained by automatic scanning at 5.19 scans/s, within the mass range m/z 30-300. Chromatographic peaks were checked for their homogeneity with the aid of the mass chromatograms for the characteristic fragment ions. A GC (HP 5890 A Series II), equipped with flame ionisation detection (FID), split/splitless injector (1:50 split ratio) and a data system [HP ChemStation HP Rev. A.06.03 (509)], was used for GC/FID analysis of the oils and quantification of their components. The detector and injector temperatures were set at 250°C. The same capillary column used for the GC/mass spectrometry (MS) analysis was used for GC/FID separation and detection. The oven temperature was programmed to go from 40°C (15 min) to 250°C (20 min) at 5°C/min. Helium was used as the carrier gas, with 152 kPa column head pressure and 35.7 cm/s linear velocity. Hydrogen and air, at 30 and 300 mL/min, respectively, were used in the GC/FID, with N 2 (30 mL/min) as a make-up gas. Individual components were identified by comparison of their retention indices (RI) (Stashenko et al. 2004 ), which were determined using a linear scale on the DB-5MS (60 m x 0.25 mm x 0.25 μL, J & W Scientific, Folsom, CA, USA) column and of the mass spectra of standard substances, including cis-3-hexenol, α-pinene, camphene, 1-octen-3-ol, beta-myrcene, alpha-phellandrene, p-cymene, limonene, terpinolene, linalool, cis-limonene oxide, citronellal, borneol, citronellol, trans-carveol, nerol, isogeraniol, neral, geraniol, carvone, geranial, thymol, eugenol , geranyl acetate, alphacopaene and trans-beta-caryophyllene. All standards were bought from Sigma-Aldrich (USA).
Monoterpenes and drugs -(+) limonene oxide, alpha-pinene, 1S(-) beta-pinene, (±) linalool, (+) dihydrocarvone, R(-) carvone, eugenol, S(+) carvone, geraniol, nerol, citral (40:60% ratio of neral: geranial), R(+) citronellal, S(-) limonene, trans-beta-caryophyllene and R(+) limonene were purchased from Sigma (Chemical Company St Louis, MO, USA). Stock solutions of both oils and terpenes were prepared in DMSO for cytotoxicity and antifungal assays. Amphotericine B and itraconazole were bought from Sigma (USA).
Cytotoxicity assay -Human cervix epithelioid carcinoma cells (HeLa cell line ATCC, CCL-2) and Cercopithecus aethiops African green monkey kidney cells (Vero cell line, ATCC CCL-81) were used. The cells were grown in MEM supplemented with 10% FBS, 100 units/ mL of penicillin, 100 mg/mL of streptomycin, 20 mg/ mL of l-glutamine, 0.14% NaHCO 3 , 1% each nonessential amino acid and a vitamin solution. The cytotoxicity of the essential oils and their components was examined in vitro with an tetrazolium-dye MTT (dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide) (Sigma, New Jersey, USA) assay, following a previously described protocol (Betancur-Galvis et al. 2002) . Briefly, cells were plated at 15 x 10 3 cells per well in a 96-well flatbottomed plate and incubated at 37 o C in a humidified incubator with 5% CO 2 . After a 24 h incubation, each diluted oil or monoterpene was added to the appropriate wells and the plates were incubated for an additional 48 h at 37 o C. Supernatants were removed from the wells and 28 μL (2 mg/mL) of an MTT solution in MEM supplemented with 10% FBS were added to each well. Plates were incubated for 1 h at 37°C and then 130 μL of DMSO were added to the wells to dissolve the purple formazan crystals that were produced. The plates were placed on a shaker for 25 min and absorbance was read at 550 nm on a multiwell spectrophotometer (Titertek Uniskan). In order to define the cytotoxic effect, cytotoxic concentration 50 (CC 50 ), defined as the minimal dilution of the compound that induces 50% killing of the cells, was calculated. Pyrogallol (Fluka, USA) was used as a positive control . The hydrodistillation process ensured an endotoxin-free material, since such a technique is not able to remove high-molecular mass molecules such as endotoxins (10 kDa) from the plant material and the molecular weight of essential oil components does not surpass 0.3 kDa. 
C. parapsilosis (ATCC 22019), C. krusei (ATCC 6258),
Aspergillus flavus (ATCC 204304) and A. fumigatus (ATCC 204305) were used to evaluate antifungal activity. Briefly, 100 µL of five serial dilutions of the essential oils and monoterpenes were dispensed into flat-bottom 96-well microtitration plates (Becton Dickinson, New Jersey, USA) in duplicate, with final concentrations between 31.25-500 μg/mL. The plates were then frozen at -70ºC until required. Amphotericine B and itraconazole (Sigma-Aldrich, Co, MO, USA) were used as positive controls at a range of 0.031-16 µg/mL. Tween 80 was included at a final concentration of 0.001% (v/v) to enhance oil and monoterpene solubility. One hundred microlitres of the fungal inoculum size of 1-5 x 10 5 CFU⁄mL and 0.8 x 10 4 -1x10 5 CFU⁄mL for yeast and filamentous fungi, respectively, were added. For the AFST-EUCAST method, the minimal inhibitory concentration (MIC) was determined after a 24 h incubation and defined as the lowest concentration that resulted in a 90% reduction of growth. For the CLSI M38-A method, the MICs were determined after a 48 h incubation and defined as the lowest essential oil dilution that resulted in total inhibition of visible growth. Evaluation of activity against Aspergillus spp required the use of CLSI M38-A broth macrodilution adaptation to avoid loss of the volatile monoterpene during the 48 h incubation. A similar concentration of all reagents as in the microdilution method was used and the final volume was 2 mL. Susceptibility testing was performed in duplicate in three different assays. Essential oils and terpenes were considered active when they exhibited MIC values below 500 μg/mL.
Data analysis -The CC 50 values for each compound were obtained by lineal regression analysis of the doseresponse curves generated from the absorbance data with the statistical package R (Development Core Team, Vienna, Austria, 2008) . CC 50 values were expressed as the Mean ± SEM of at least four dilutions by quadruplicate. MIC values were expressed as geometric means (GM)-MIC of tests performed in duplicate in three different assays against each of the fungal species.
RESuLtS
The GC analyses demonstrated the presence of 58 compounds in the essential oils of L. alba (both samples data not shown). Forty-eight were characterised by GC/ MS. Table I shows the predominant constituents and their respective RI. In this study, essential oils could be classified, based on their chemical constituents, into two chemotypes: citral and carvone, according to their major compounds. The monoterpenes neral (23.6%), geranial (30.5%), trans-beta-caryophyllene (6.2%), geraniol (6.3%), nerol (2.6%), 6-methyl-5-hepten-2-one (6%), limonene (3.7%) and linalool (2.1%) were the main constituents of the citral chemotype. The carvone chemotype was characterised by limonene (22.4%), carvone (25.3%), trans-beta-caryophyllene (2.4%), neral (10.4%) and geranial (10.4%) ( Table I ). The citral chemotype showed the highest concentration of oxygenated monoterpenes (76%), while in the carvone chemotype, the compound distribution was as follows: 25% monoterpene hydrocarbons, 56.6% oxygenated monoterpenes, 17% sesquiterpene hydrocarbons and 1.5% oxygenated sesquiterpenes.
Cytotoxic and antifungal activities of the essential oils of L. alba and some of their constituents are presented in Table II . Minor compounds such as (+)-limonene oxide, (-)-limonene oxide, alpha-pinene, 1S-(-)-betapinene, (±)-linalool, (+)-dihydrocarvone, R(-)-carvone, S(+)-carvone, S(-)-limonene and R(+)-limonene were not active (data not shown). The monoterpenes with cytotoxic activity (Table II) exhibited a dose-dependent inhibition on the growth of the HeLa tumoural cell line and the Vero non-tumoural cell line, with R 2 determination coefficients of linear regression > 0.8. Both, the citral chemotype oil and its major component, citral, showed the highest cytotoxic activity on the HeLa tumour line with CC50 values of 3.5 μg/mL and < 0.1 μg/mL, respectively. This amount of cytotoxic activity on tumoural cells was comparable to pyrogallol activity. The cytotoxic effect of the citral chemotype on Vero non-tumoural cells was lower than that of commercial citral alone. On the other hand, the citral chemotype showed antifungal activity against A. fumigatus and C. krusei, with GM/ MIC values of 78 μg/mL and 270.8 μg/mL, respectively. The carvone chemotype oil did not show any activity against the evaluated fungi. The major components of the carvone chemotype, such as limonene and carvone, were not active at concentrations < 500 μg/mL. Oxygenated monoterpenes present in the citral chemotype, such as geraniol, citral and R(+) citronellal, showed activity against all four strains assayed; however, citral showed the lowest MIC value. Commercial citral showed the highest activity against A. fumigatus and C. krusei, with GM/MIC values of 62.5 μg/mL and 39.4 μg/mL, respectively. A. fumigatus was more susceptible to the citral chemotype oil and the monoterpenes geraniol, nerol, citral and R-(+)-citronellal than A. flavus. MIC values for the two reference antifungal drugs that were used as positive controls, amphotericine B and itraconazole, were within the established values for the AFST-EUCAST and CLSI M38-A protocols.
DiSCuSSioN
From a pharmacological point of view, L. alba is probably the most studied species in the Lippia genus (Hennebelle et al. 2008) . In spite of the diversity and the medicinal use of L. alba in different regions of Colombia, no previous reports have evaluated and compared the cytotoxic and antifungal activity of L. alba oil chemotypes. The two L. alba (Mill.) N.E. Brown essential oils studied here were classified as citral and carvone chemotypes, which correspond to chemotypes I and III, respectively, according to the classification suggested by Hennebelle et al. (2008) . The citral chemotype, which contains 54.1% of citral corresponding to 23.6% of neral plus 30.5% of geranial and commercial citral (Sigma, USA), which is made up of 40% neral and 60% geranial, showed the highest cytotoxic activity on the HeLa tumoural line and the lowest activity on the Vero cell line. However, in general, the order of cytotoxic activity on both cell lines was found to follow citral ≥ citral a: relative amounts (percentages) were calculated from relative peak areas in gas chromatograph flame ionisation detection chromatograms; b: retention indices on DB-5MS Column; c: retention indices on DB-WAX Column; d: a standard compound was available for identification purposes.
chemotype oil > carvone chemotype oil, which suggests a citral-dependent cytotoxicity. The absence of cytotoxicity in the carvone chemotype oil could be explained by either the low content of oxygenated monoterpene citral (20.8%) compared to that in the citral chemotype oil (54.1%), or by the fact that the major compounds (limonene and carvone) in the former oil were antagonistic to the oxygenated monoterpene citral. According to the National Cancer Institute (USA), the threshold of significance for crude extracts is inhibitory concentration 50 (IC 50 ) < 30 µg/mL (Hennebelle et al. 2008 ) and therefore the citral chemotype was not cytotoxic on Vero non-tumoural cells. Previous studies have shown the cytotoxic activity of citral on tumoural cells (Dudai et al. 2005) . Citral effectively inhibits the growth of a mouse leukaemia cell line (BS-24-1), with a CC 50 value of 47 µg/mL, but is ineffective on normal spleen cells. Furthermore, 45 µg/mL citral, through caspase 3 activation, induces apoptosis of human (U397, HL60) and mouse (RL-12, BS-24-1) leukaemic cells. In contrast, its derivates, citronellal, citronellol and a product of its metabolism, geraniol, have no effect on the survival of leukaemic cells (Dudai et al. 2005) , similar to what was observed in this study in HeLa cells.
Several methods for detecting antifungal activity of natural products are available, but since they are not equally sensitive or not based upon the same principle, results can be profoundly influenced by the method (Cos et al. 2006 ). Sharma and Tripathi (2008) have shown that the antifungal activity of essential oils can be more effectively evaluated in liquid rather than in solid media, since in the latter, oil diffusion may not be appropriate. In this study, the standard methods of microdilution for the evaluation of antifungal susceptibility to drugs were used. These methods allow for reduction of the amount of oil used and the simultaneous evaluation of several samples, as well as data reproducibility. However, long-term incubation for testing monoterpenes against Aspergillus spp required the use of the macrodilution test, since the active and volatile terpenes interfered with the evaluation of activity of other less volatile terpenes when a microdilution method was used. The disadvantage to this method is that macrodilution requires a larger sample size. Currently, there is no agreement on the acceptable level of activity for plant material when compared to standard drugs; therefore, some authors consider activity only if it is comparable to antibiotics, while others only consider higher values. Aligiannis et al. (2001) suggested a classification for plant materials, based on MIC results, as follows: strong inhibitors, MIC up to 0.5 mg/ mL, moderate inhibitors, MIC between 0.6 and 1.5 mg/ mL, and weak inhibitors, MIC above 1.6 mg/mL. Based on these criteria, Duarte et al. (2005) indicated a strong activity of L. alba oil against C. albicans, with an MIC of 0.06 mg/mL, while MIC of the positive control nystatin is 0.05 mg/mL. On the other hand, Borges-Argáez et al. (2007) have suggested that a MIC value of 100-200 µg/mL can be considered acceptable for plant material. According to these criteria, in this study, C. krusei was moderately sensitive to the citral chemotype essential oil (GM/MIC 270 µg/mL) and highly sensitive to the commercial monoterpenes, citral (39.72 µg/mL) and R-(+)-citronellal (49.6 µg/mL). This finding is important because C. krusei has been recognised as a potential multidrug-resistant pathogen due to its intrinsic fluconazole resistance and recent reports showing a decreased susceptibility of the pathogen to both flucytosine and amphotericine B (Pfaller et al. 2008) . Aspergillus fumi-gatus is the main cause of invasive aspergillosis in immunocompromised patients and only a limited number of drugs are available for treatment (Brock et al. 2008 ). In addition, recent studies have reported emergence of azole resistance in this species (Snelders et al. 2008) . Therefore, new antifungals are urgently needed.
In this study, the lowest MIC values with A. fumigatus were obtained with the citral chemotype (78.7 µg/ mL) and citral (62.5 µg/mL). Hayes and Markovic (2002) showed that Backhousia citriodora essential oil, with a 92% composition of citral, was active against C. albicans and Aspergillus niger with MICs comparable to commercial citral. Recently, Sharma and Tripathi (2008) determined, through an agar diffusion method, a MIC value of 0.3 µg/mL against A. niger for a Citrus sinensis essential oil, which has a limonene concentration of 87%. Linalool and linalool-rich essential oils from Croton cajucara are active against C. albicans, with MIC values of 0.7 µg/mL and 13.4 µg/mL, respectively (Alviano et al. 2005) . Duarte et al. (2005) showed that a L. alba linalool-chemotype essential oil, with 76.3% of linalool, is active against C. albicans, with an MIC of 0.6 mg/mL. In this study, which used the AFST-EUCAST and CLSI M38-A protocols and a threshold of antifungal activity of MIC ≤ 500 μg/mL, the carvone chemotype essential oil of L. alba and the monoterpenoids carvone, linalool and limonene, were not active against C. parapsilosis, C. krusei, A. flavus, or A. fumigatus.
The antifungal activity of the citral chemotype of L. alba demonstrated in this study could be explained by a higher concentration of oxygenated monoterpenes, such as neral/geranial (54%) and nerol/geraniol (8.9%), which has been previously described by Oliveira et al. (2006) . Essential oils can be useful as antifungal agents because they affect several targets simultaneously and there are no reports of particular resistance or adaptation to essential oils by yeast (Bakkali et al. 2008) .
Skin sensitisation has been reported during topical application of citral at concentrations higher than 1% (Hayes & Markovic 2002) . Dijoux et al. (2006) have shown that lemongrass (Cymbopogon citrates) oil with citral (70-90%) and geraniol (1.5-7.5%) is phototoxic and cytotoxic. The present results show that the citral chemotype of L. alba was not cytotoxic on non-tumoural cells. The results described for the citral chemotype of L. alba should stimulate further studies on the phototoxicity of this compound on primary cells, in order to consider its topical use for clinical applications.
